INTRODUCTION
Epinephrine is a biological preparation of great clinical and theoretical importance. Probably no other humoral agent is employed as extensively in the clinic, and certainly none is used more frequently in physiologic and pharmacologic investigations, particularly of the circulatory system. Because it generally has been regarded as a pressor substance, epinephrine has been implicated as possibly of etiologic importance in certain clinical cases of hypertension, particularly those associated with tumors of the adrenal medulla. However, with the passage of time, more and more evidence has accumulated to cast doubt upon the possibility that it is involved in the production of human essential hypertension. Thus, Pickering and Kissin (1), Fatherree and Hines (2) , Fatherree and Brown (3), Gordon and Levitt (4), and others not only have questioned the role of epinephrine in the causation of essential hypertension, but also have demonstrated that patients with the disease are not abnormally sensitive to the drug as judged by changes in blood pressure and cutaneous temperature in the extremities after its administration.
Meltzer and Auer (5), Elliott (6) , Hampel (7), Ascroft (8) , and Cannon and his collaborators (9, 10) have demonstrated in animals that degeneration of the sympathetic nerves results in an increased sensitivity of smooth muscles to epinephrine, especially following post-ganglionic as compared with pre-ganglionic section. Smith- wick, White, and co-workers (11) (12) (13) have further investigated this phenomenon by measuring skin temperature both in animals and in a group of patients with peripheral vascular diseases and have concluded that sensitization to epinephrine develops following post-ganglionic sympathetic denervation. With the large number of patients available in this clinic for study before and after thoracolumbar splanchnicectomy, and the more precise techniques at hand for the continuous recording of the complex hemodynamic responses following small intravenous doses of epinephrine, it seemed desirable to make further observations of the cardiovascular effects of epinephrine before and early after sympathetic denervation of the splanchnic bed in hypertensive patients.
MATERIALS AND METHODS
The subjects were patients admitted to the Medical and Surgical wards of the Massachusetts Memorial Hospitals. A needle was inserted through procainized skin into the brachial artery for continuous recording of intra-arterial blood pressure and pulse rate by means of a Hamilton manometer, or Sanborn Electromanometer (14) . Preliminary studies were performed in order to assess the relative vasopressor reactivity of the splanchnic sympathetic nervous system (15, 16 Figure 1 .
RESPRAT trations. Throbbing in the head, chest or abdomen, marked palpitation, dyspnea, occasionally apprehension, and rarely an emotional outburst were manifested in this phase. As a general rule all symptoms subsided and quickly disappeared when the blood pressure increased and the heart rate decreased in Phase III. Figure 3 shows the average blood pressures during each of the three phases of the response to 5 micrograms of intravenous epinephrine in the five normotensive subjects, and in the six hypertensive patients studied before aid after thoracolumbar sympathectomy. The time relationships of the various phases were on the average the same in all the groups. When the blood pressure responses to all doses of epinephrine were compared in the normotensive persons and the pre-and postoperative hypertensive patients, there were no apparent qualitative differences. However, there were significant though minor quantitative differences in the blood pressure reactions of the hypertensive patients before (but not after) operation as compared with the normotensive subjects (Tables I and II, Figure 4) . Thus, the percentile increases in mean arterial pressure were definitely smaller in the preoperative hypertensive patients during Phase I, though not during Phases II and III. A few patients studied as long as 14 months after splanchnicectomy were found to have quantitatively about the same blood pressure responses as the patients studied early after operation.
Minor differences were also apparent in the pulse rate responses to the various intravenous doses of epinephrine in the several groups of patients. Figure 5 illustrates the comparative changes in pulse rate (from control levels) in Phase I of the responses of the different subjects to various intravenous doses of epinephrine hydrochloride. The normotensive persons decreased their pulse rates. On the contrary, most of the hypertensive patients before operation either maintained or increased their pulse rates, whereas after operation they usually conformed more to the normotensive pattern and slowed their pulse rates. The same pulse rate and blood pressure differences during the first phase were apparent among the different groups of subjects not only in the average figures of all their responses to various doses, but also in their individual responses to a single dose of the drug. This is shown in Figure 6 . Since preoperative hypertensive patients during Phase I had a smaller percentile increase in mean arterial pressure (i.e., a smaller stimulus for slowing their pulse rates) than the normotensive and postoperative hypertensive subjects (Figure 4) , their more rapid pulse rates in the first phase were possibly attributable, at least in part, to that fact.
On quantitative analysis of Phase II the pulse rate (and blood pressure) responses revealed no significant differences in the various groups of patients. However, in the hypertensive Phase III, as shown in Figure 7 , there were significant differences in the changes of pulse rate after different intravenous doses of epinephrine hydrochloride. After doses greater than 5 micrograms the preoperative hypertensive patients significantly accelerated their pulse rates. In contrast, the normotensive and postoperative hypertensive On the other hand, a considerable amount of experimental evidence has been accumulated suggesting that section of the sympathetic nerves may be followed by increased sensitivity of the denervated blood vessels to the vasoconstrictor effects of circulating epinephrine. Thus, Smithwick has emphasized the finding of increased vasoconstrictor reactivity of small blood vessels (arterioles) to (15, 16) , has shown that patients with uncomplicated arterial hypertension do not slow their pulse rates to the same degree as normotensive subjects, although they return their blood pressures more rapidly to control levels after the maneuver.
SUMMARY AND CONCLUSIONS 1. The suggestion made by Pickering and Kissin (1 ) that in man there is a three-phase response to small intravenous doses of epinephrine hydrochloride has been verified.
2. The response characteristically consists of a hypertensive first phase occurring usually 15 to 25 seconds after injection; a transient hypotensive second phase usually manifested at 25 to 35 seconds; and a more sustained hypertensive third phase observed at 55 to 70 seconds after injection.
3. There are no qualitative differences in the phasic blood pressure reactions to intravenous epinephrine in normotensive as compared with hypertensive patients before or early after thoracolumbar sympathectomy.
4. Pulse rate responses to small intravenous doses of epinephrine in normotensives differ slightly from those in preoperative hypertensive patients in that in the first and third phases the pulse rates of the normotensive subjects are usually slower. After thoracolumbar sympathectomy the pulse rate responses of hypertensive patients in the first and third phases resemble those of normotensive subjects. The smaller rise in pulse rate during the first phase of the response in preoperative hypertensive patients may be attributed to the smaller percentile increase in mean arterial pressure that occurs in this group as compared with the normotensive and the postoperative hypertensive subjects. On the other hand, in the third phase the greater rise in pulse rate of preoperative hypertensive as compared with normotensive or postoperative hypertensive subjects cannot be attributed to quantitative differences in their blood pressure responses, since there are none. 5. No evidence has been found to indicate that hypertensive patients are more sensitive than normotensive subjects to the pressor effects of single intravenous doses of epinephrine hydrochloride, or that such patients become more sensitive after thoracolumbar sympathectomy.
